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L Title of Invention 

Longitudinally and transversely active magnetic bearing 

2, Claims 

1. Magnetic bearing for centering a mobile body (A) 
with no contact relative to a fixed body (B) on a 
reference axis (&-Z) , having at least one transverse axis 
(X-X, Y-Y) perpendicular to the reference axis, and 
including 

- two magnetic circui ts disposed on respective 
opposite sides of the reference axis along the transverse 
axis, and each formed of first and second ferromagnetic 
parts adapted to be carried by said body and separated by 
two main airgaps (El , E2 ) offset parallel to the 
reference axis, the first ferromagnetic part including 
two main polepieces (21, 22) perpendicular to the 
reference axis, 

- means (26, 27) permanently magnetized parallel to 
the reference axis (Z-S) , disposed between the main 
polepieces of each magnetic circuit and generating 
magnetic fluxes across the main airgaps (El, E2) , 

- winding means (24. 25) adapted to generate in at 
least one of the magnetic circuits a controllable 
magnetic flux in the main airgaps (El, E2) , 

this magnetic bearing being characterized in that, for at 
least one of the ferromagnetic circuits: 

- the main airgaps (El, E2> vary in thickness 
parallel to the reference axis (2-21) , 

- a median ferromagnetic part (23) perpendicular to 
the reference axis, fastened to the first ferromagnetic 
part, is disposed between the main polepieces (21, 22) of 
this first ferromagnetic part and is separated from the 
second ferromagnetic part (1) by a median airgap U23) the 
thickness of which varies parallel to the transverse 
axis, 

- the permanently magnetized means include two 
magnets magnetized in opposite directions between the 
main polepieces (21, 22) and the median ferromagnetic 
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part (23) » and 

- the winding means (24, 25) include independent 
windings disposed on respective opposite sides of the 
median ferromagnetic part (23) parallel to Che reference 
axis (2~z) whereby, depending on the directions of the 
currents fH owing through these windings, the latter are 
adapted to generate in the median ferromagnetic part (23) 
a controllable magnetic flux crossing the median airgap 
(E3) so that the windings assure transverse centering and 
a controllable magnetic flux crossing the main airgaps 
(El, E2) whereby che winding© assure centering parallel 
to said reference axis. 

2, Magnetic bearing according to claim l 
characterized in that the first ferromagnetic parts are 
designed to be carried by the fixed body (B) , 

3 „ Magnetic bearing according to claim 1 or claim 2 
characterized in that the second ferromagnetic part (1) 
is disposed between the first ferromagnetic parts. 

4. Magnetic bearing according to claim 1 or claim 2 
characterized in that the second ferromagnetic part (1) 
is disposed around the first ferromagnetic parts. 

5- Magnetic bearing according to any one of claims 
1 to 4 characterized in that the reference axis is a 
rotation axis of the mobile body relative to the fixed 
body* in that the second ferromagnetic part (1) is a 
magnetic ring and in that the median ferromagnetic part 
(23) is globally annular in the region of the median 
airgap (E3 J . 

6. Magnetic bearing according to claim 5 
characterized in that two other magnetic circuits of the 
same structure are disposed on respective opposite sides 
of the rotation axis <Z~Z) along a second transverse 
centering axis perpendicular to the rotation axis, 
including two other first ferromagnetic parts 
co-operating 1 with the second ferromagnetic part (1) 
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across two other main airgaps (El, E2) the thickness of 
which varies parallel to the rotation aocis, windings 
(24, 2S) being adapted to generate a controllable 
magnetic flux in these two other magnetic circuits, other 
permanent magnets magnetized in opposite directions being 
disposed between these two other first ferromagnetic 
parts on respective opposite sides of the median 
ferromagnetic part (23) , said median ferromagnetic part 
being separated from the second ferromagnetic part by two 
other median airgaps (E3) and the windings being adapted 
to generate a controllable magnetic flux in said two 
other median airgaps. 

7. Magnetic bearing according to any one of claims 
1 to 4 characterized in that the second ferromagnetic 
pare (1) is a bar magnet mobile on a perpendicular axis 
(Y-YJ perpendicular to the reference axis (Z~Z) - 

8 . Magnetic bearing according to any one of claims 
1 to 7 characterized in that the main polepxeces are 
parallel and centered on the rotation axis of the 
magnetic bearing and include branches that surround the 
windings (24, 25). 

9. Magnetic bearing according to any one of claims 
1 to 6 characterized in that the permanently magnetized 
means include two permanent magnets (2 5, 26; 25a, 26 a; 
25b, 26b) in the form of cylindrical rings centered on 
the rotation axis (3-Z) . 

10. Magnetic bearing according to any one of claims 
1 to 9 characterized in that the second magnetic part 
includes a flange (12, 12a, 12b) substantially facing the 
median ferromagnetic part. 

11- Magnetic bearing according to any one of claims 
1 to 10 characterized in that the second magnetic part 
includes flanges (11, 13; 11a, 13a; lib, 13b) 
substantially facing said main polepieces, 

12. Magnetic bearing according to any one of claims 
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1 to 11 characterized in that the independent windings 
(24, 25) are disposed around cores (240. 250) parallel to 
the reference axis and situated between the median 
polepiece and the main polepieces (21, 22). 
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3. Detailed Description of Invention 

Field of the inv ention 

The present invention concerns a magnetic bearing 
inducting a magnetic circuit formed of a fixed part ana a 
mobile part between which there is no contact. 
Description of the prior art 

As described in document US-A-4 , 91B , 345 , for 
example, a magnetic bearing is used for magnetically 
active centering of a mobile body relative to another 
body on one or two centering axes. The two bodies 
include ferromagnetic portions between which there is no 
contact conjointly forming the bearing and the mobile 
body is said to be -suspended". Magnetically active 
centering implies the use of a winding in which a 
variable current flows to generate a variable magnetic 
flux in airgaps varying in size parallel to the centering 
axis - 

Magnetic bearings can be used both for rotational 
movement and. for linear movement. 

Actively centering a body by means of a magnetic 
bearing on a reference axis sometimes called the 
longitudinal axis or cm a transverse axis , or on two 
transverse axes, is known in itself- A bearing of this 
kind generally further includes permanent magnets that 
can contribute to active centering and also, in some 
configurations , assure passive centering on. one or more 
other axes. 

For example, one class of magnetic beaxings for 
rotating bodies assures active centering on two 
transverse or radial axes and passive centering on the 
rotation or longitudinal a*is 7 the expression radially 
active two-axis bearing {"transverse or radial bearing" > 
is sometimes used- Another class of magnetic bearings 
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for rotating bodies assures active centering on the 
longitudinal axis and passive centering on the transverse 
axe^ ; the expression axial ly active one-axis bearing 
("longitudinal or axial bearing") is sometimes used. 

Xn some cases of rotational movement, active 
centering on the longitudinal axis and at least one 
transverse axis is necessary to assure transverse 
positioning of the mobile part relative to the fixed 
part, combined with precise longitudinal positioning* A 
first magnetic bearing active on the longitudinal axis 
longitudinal or axial bearing") and a second magnetic 
bearing active on one or two transverse axes 
perpendicular to the longitudinal axis ("transverse or 
radial bearing * ) are then used. 

These two bearings can be decoupled magnetically to 
act on the mobile part independently of each other. To 
this end they are separated from -each other and 
juxtaposed on the longitudinal axis of the bearing, for 
example. 

Although an arrangement of bearings of the above 
kind assures active centering on the reference 
longitudinal axis and at least one transverse axis, and 
therefore positional control on these axes, it 
nevertheless hae the disadvantage of occupying a large 
volume because of the juxtaposition of the two bearings- 

Furthermore, this arrangement Is complex and 
difficult to manufacture. For example, the stator part 
of the bearing acting on the reference longitudinal axis 
must be inserted and positioned between two polepieces 
that are an interference fit on the rotor part, while the 
components of the transversely active bearing, juxtaposed 
to the first -mentioned bearing, must also be mounted and 
positioned relative to each other* 

These disadvantages are accentuated if, as is 
routinely the case, the rotor is suspended by two radial 
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bearings offset axially and, for reasons- of efficiency 
and minimum overall size* the axial bearing is disposed 
between the radial bearings. 

•Che same analysis applies no centering of the body 
in translation* the reference axis being perpendicular to 
the direction of translation and to the transverse 
centering direction* 

The present invention aims to remedy the 
disadvantages of the prior art by providing a magnetic 
bearing for a rotating body or a body mobile in 
translation that is active on a reference axis and at 
least one transverse axis, has a smaller volume and is 
easier to manufacture than in the prior art, but with an 
equivalent level of performance . 
SUMMARY OF THE TWVEWTXOR 

To this end, the invention proposes a magnetic 
bearing for centering a mobile body with no contact 
relative to a fixed body on a reference axis, having at 
least one transverse axis perpendicular to the reference 
axis, and including 

- two magnetic circuits disposed on respective 
opposite sides of the reference axis along the transverse 
axis, and each formed of first and second ferromagnetic 
parts adapted to be carried by said body and separated by 
two main airgaps offset parallel to the reference axis, 
the first ferromagnetic part including two main 
polepieces perpendicular to the reference axis, 

- means permanently magnetized parallel to the 
re f ex ence axis, di spos ed he tween the main po 1 epieces o f 
each magnetic c ircu i t and genera t ing magnet ic f luxes 
across the main airgaps, 

- winding means adapted to generate in at least one 
of the magnetic circuit© a controllable magnetic flux in 
the main airgaps, 

wherein, for at least one of the ferromagnetic circuits: 
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_ the main airgaps vary in thickness -parallel to the 

reference axis, 

_ a median ferromagnetic part perpendicular to the 
reference axis, fastened to the first ferromagnetic part, 
is disposed between the main polepieces of this first 
ferromagnetic part and is separated from the second 
ferromagnetic part by a median airgap the thickness of 
which varies parallel to the transverse axis, 

- the permanently magnet:! zed means include two 
magnets? magnetized in opposite directions between the 
main polepieces and the median ferromagnetic part, and 

- the winding means include independent windings 
disposed on respective opposite sides of the median 
ferromagnetic part parallel to the reference axis 
whereby, depending on tne directions of the currents 
flowing tnrough these windings, the latter are adapted to 
generate in the median ferromagnetic part a controllable 
magnetic flux crossing the median airgap so chat the 
windings assure transverse centering and a controllable 
magnetic flux crossing the main airgaps whereby the 
windings assure centering parallel to said reference 
axis. 

Thus the bearing of the invention is active on the 
reference axis and at lease one transverse axis. 
Moreover, the volume of the magnetic bearing of the 
invention is smaller than in the case where a 
longitudinal bearing and a juxtaposed transverse bearing 
are used. Additionally, the magnetic bearing of the 
invention is easier to manufacture and consequently lower 
in cost than in the prior art. 

At first sight, the invention may appear similar 
to that of pending US patent application Serial 
No- 08/583,785, which is directed to assuring a tilt 
function {over a range of movement of a few degrees, 
typically 3 to 5°) and optionally a centering function on 
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at least one centering axis perpendicular- to a reference 
axis. it includes main airgaps between the main 
polepieces of a first ferromagnetic part and a second 
ferromagnetic part and a median air gap between a median 
ferromagnetic portion of the first ferromagnetic part and 
the second ferromagnetic part. 

In contrast to the present invention, however, the 
main airgaps and the median airgap vary parallel to the 
same axis, namely an axis transverse to a reference axis. 

Moreover, the above document is concerned with 
controlling tilt, in combination with optional centering, 
which is entirely different from the problem addressed by 
the invention, which is concerned with two centering axes 
with no tilt- The above document is evidently of no 
benefit to the sJcilled person seeking to solve the 
problem addressee: by the invention. 

According to a preferred feature of the invention, 
the first ferromagnetic parts are adapted to be carried 
by the fixed body. The components of the first 
ferromagnetic parts are relatively heavy and are 
preferably fixed. 

According; to preferred features of the invention, 
the second ferromagnetic part is disposed between the 
first ferromagnetic parts or, conversely, the second 
ferromagnetic part is disposed around the first 
ferromagnetic parts- The structure of the bearing of the 
invention can therefore be adapted to suit a large number 
of configurations. 

According to one preferred feature of the 
invention # the reference aseis is an axis of rotation of 
the mobile body relative to the fixed body, the second 
ferromagnetic part is a magnetic ring and the median 
ferromagnetic part is globally annular in the region of 
the median airgap. The magnetic bearing can then foe used 
to center a rotating body relative to a fixed body. 



9 



(19) 



mffl^l 0-1 59849 



in this case, according to another preferred feature 
of the invention, two other magnetic circuits of the same 
structure are disposed on respective opposite sides o£ 
the rotation axis along a second transverse centering 
aids perpendicular to the rotation axis, including two 
other first ferromagnetic parts co-operating with the 
second ferromagnetic part across two other main airgaps 
the thickness of which varies parallel to the rotation 
axis, windings being adapted to generate a controllable 
magnetic flu* in these two other magnetic circuits, other 
permanent magnets magnetise* in opposite directions being 
disposed between these two other first ferromagnetic 
parts on respective opposite sides of the median 
ferromagnetic part, saia median ferromagnetic part being 
separated from the second ferromagnetic part by two other 
median airgape and the windings being adapted to generate 
a controllable magnetic flux in said two other median 
airgaps - 

The bearing can then be used to center the rotating 
body relative to the fixed body on the reference axis and 
on two transverse axes. 

According to ano ther preferred feature of the 
invention, the second ferromagnetic part is a bar magnet 
mobile on an axis perpendicular to the reference axis. 

According to other features of the invention, 
optionally combinablei 

_ the main polepieces are parallel and centered on 
the rotation axis of the magnetic bearing and include 
branches that surround the windings, 

- the permanently magnetized means include two 
cylindrical ring-shape permanent magnets centered on the 
rotation axis , 

- the second magnetic part includes a flange 
substantially facing the median ferromagnetic part, 

- the second magnetic part includes flanges 
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substantially facing eaia main polepieces, 

- the Independent windings axe disposed around, 
cores parallel to the reference axis and situated between 
the median polepiece and the main polapieces. 

The features and advantages of the present 
invention will become more apparent from a reading of the 
description of a number of embodiments illustrated by the 
accompanying drawings. 

DETAILED PESCRrFTION OF THE PREFERRED EMBODIMENTS 

Referring to figures 1, 2, 3A and 3B, the invention 
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applies to a magnetic bearing including a rotor part 1 
and a stator part 2. These parts 1 and 2 aire 
respectively fastened to a xotor A and a stator B. 

The reference axis of the magnetic hoaxing is the 
rotation axis or longitudinal axis Z-z of the rotor A 
which is a cylindrical shaft* It is assumed hereinafter 
than the axis Z-Z is vertical, but it can have any 
inclination to the vertical* At least in the portion 
facing the stator part 2, the rotor part 1 is a magnetic 
ring, to be more precise a cylinder made from a 
ferromagnetic material, and therefore constitutes a 
polcpiece that advantageously has. three flanges 11, 12 
and 13. The top and bottom flanges 11 and 13 are on 
opposite sides of the median flange 12 which is 
preferably halfway between the flanges ll and 13. The 
flange 12 has a height in the direction of the axis Z-z 
that is substantially three times that of the other two 
flanges 11 and 13. It will be seen that the axial 
thickness of the flanges 11 and 13 is of little 
importance. since their purpose is to provide axial 
air-gaps „ 

The axis z-z constitutes a first longitudinal 
centering axis of the bearing of the invention. 

The bearing has two radial or transverse centering 
axes X~X and Y-Y perpendicular to the rotation axis z-z 
of the rotor A- 

Th© stator part 2 includes two identical parallel 
ferromagnetic plates 21 and 22 with openings 212, 222 at 
their center. The polepieees 21 and 22 are cruciform 
with four branches 210 r respectively 220, separated by 
cut-outs 211, respectively 221- Each cut-out 211, 221 is 
centered on an axis at substantially 45° to the axes X-X 
and Y-Y. The plates 21 and 22 are main polepieces 
perpendicular to and centered on the axis Of 
couree, there can be three (or more) transverse centering 
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axes, with as many pairs of branches- as there are 
centering axes. 

A median polepiece 23 with axis Z-Z is disposed 
between the plates 21 and 22, Here halfway between them. 
The polepiece 23 is ferromagnetic and cruciform in shape 
with four branches 230 separated by cut-outs 231. The 
branches and the cut-outs * of the polepieces are 
superposed on those of the polepieces 21 and 22. The 
thickness of the polepiece 23 is substantially twice that 
of the plates 21 and 22 and its outside diameter is equal 
to that of the plates 21 and 22. The inside diameter of 
the median polepiece is less than that of the polepieces 
21 and 22. The polepiece 23 faces the median flange 12 
of the rotor part in the radial direction and has the 
same axial thickness. The portion of the polepiece 23 
facing the flange 12 is globally annular. 

Note that the cut-outs 231 do not completely 
separate the branches 230 and that the latter are 
connected in pairs by bridges 232 having a small 
thickness in the radial direction, situated at the inside 
periphery of the polepiece 23. The bridges 232 limit the 
discontinuity of magnetic flux between two successive 
branches and so limit eddy currents when the rotor part 
rotates at high speed. 

Four identical windings 24 on respective cores 240 
are disposed in pairs on the axis X~X and on the axis 
Y-Y, between the hranches 210 of the main polepiece 21 
and th© median polepiece 23- 

Likewise, four windings 25 on respective cores 250 
are disposed in pairs on the centering axes, i.e. the 
axis X-x and the axis Y~y, between the branches 220 of 
the main polepiece 22 and the median polepiece 23. The 
windings 25 are identical to the windings 24, 
The windings 24 and 25 are independent. 
Amagnetic static shims 241 and 251 are disposed 
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between each of the cores &nd one of "the polepieces 
21, 22 or 23. 

Two identical cylindrical permanent magnets 26 and 
27 are disposed on respective opposite sides of the 
median polepiece 23 and centered on the axis 2-Z. The 
permanent magnet 26 is inserted between the polepiece 21 
and the median polepiece 23 and the permanent: magnet 27 
is inserted between the polepieces 22 and 23- The 
magnets 26 and 27 are magnetized parallel to the rotation 
axis and in opposite directions, for example both 

towards the median polepiece 23 . 

As shown in figure 1 in particular, the inside 
diameter of the polepiece 23 is less than that of the 
magnets 26 and 27 with the result that the inside end of 
the median polepiece 23 forms a flange 233 facing the 
flange 12 of the rotor part 1. 

For each plane containing the axis. Z-Z and a radial 
centering axis, here the axis X-X, the magnetic -bearing 
of the invention includes three airgaps El, E2 and E J . 
The first airgaps El and E2 are between the rotor part 1 
and the polepieces 21 and 22 . To be more precise, the 
first airgap El is between the top face 14 of the rotor 
part 1 and a portion of the lower face of the top 
polepiece 21. 

Note that the flange 11 increases the surface area 
of the top face 14 and therefore favors the passage of 
the magnetic flux across the airgap El. 

The second airgap K2 is between the bottom face 15 
o£ the rotor part 1 and a portion of the top face of the 
bottom polepiece 22. ahe second airgap is similar to the 
first airgap El, 

The main airgaps El and E2 vary in thickness 
parallel to the rotation axis Z-Z. 

The third airgap E3 is between the flange 12 and 
the flange* 23 J of the median polepiece 23 _ The median 
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air-gap E3 varies in thickness parallel to the transverse 
axis concerned. 

Note that the rotor A, which can extend both sides 
of the rotor part on the axis 2~z, is made from an 
amagnetic material to prevent propagation of magnetic 
flux outside the ferromagnetic parts previously 
described. 

The permanent magnet 26 generates a magnetic flux 
flowing in a first magnetic loop 260 through th<* 
polepiece 23, the airgap E3, the rotor part 1, the airgap 
El and the polepiece 21 and in a second magnetic loop 261 
through the polepiece 23 , the magnetic cores 240, the 
static shims 241 and the polepiece 21. 

likewise, the permanent magnet 27 generates a 
magnetic flux flowing in a first magnetic loop 270 
through the median polepiece 23 , the airgap E3, the rotor 
part 1, the airgap E3 and the polepiece 22 and in a 
second magnetic loop 271 through the polepiece 23, the 
magnetic cores 250, the static shims 251 and the 
polepiece 22 . 

The two magnets being identical and longitudinally 
magnetized in opposite directions , the fluxes generated 
create an equilibrium position of the rotor part 1 
relative to the stator part 2. This equilibrium is 
unstable. 

Referring to figure 4, it is assumed that it is 
required to displace the rotor towards the left, in the 
plane of figure 4- The two windings 24 aligned on the 
axis X-X carry electric currents. Each of these currents 
induces a flux 3 flowing through the median polepiece 23/ 
the airgap E2, the rotor part 1, the airgap El and the 
polepiece 21. 

Likewise, the two windings 25 aligned on the axis 
X-X carry electric currents. Each of these currents 
induces a flux 4 flowing through the median polepiece 23, 
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the airgap E2, the rot oar part 1, the airgap fcl and the 
polepiece 22. 

In the median airgap £3 the magnetic fluxes 3 and 4 
of the windings 2d and 25 on the left in figure 4 add and 
are also added to the magnetic fluxes of the magnets 26 
and 27. The magnetic fluxes 3 and 4 of the windings 24 
and 25 on the right in figure 4 add but oppose the 
magnetic fluxes of the magnets 26 and 27. 

In the airgaps El and E2 the fluxes induced by the 
cuxrenta in the windings 24 and 25 have contrary effects 
which cancel out if the fluxes generates are of the same 
magnitude, i.e. in practise, assuming r.hat the airgaps El 
and E2 are the same size at the time in question,, if the 
currents flowing in the windings have the same absolute 
value . 

Accordingly the flux induced by the windings 24 and 
25 gives rise to a. force capable of displacing the rptor 
on the transverse axis X-X, to be more precise towards 
the left in the figure 4 example. It is therefore 
possible to center actively the magnetic bearing on the 
axis x-X without modifying the position of the rotor on 
the longitudinal axis z~JS. 

The rotor is moved towards the right in figure 4 by 
reversing the direction of flow of the currents in the 
windings 24 and 25. 

The r o t ox is moved on the axi s Y-Y in a s imila r 
manner by causing currents to f Low in the windings 24 and 
25 on the axis Y-Y- 

Ref erring to figure 5/ the rotor is to be moved on 
the axie Z-Z, for example downwards. 

The windings 24 and 25 centered on the axis X-X 
carry currents generating magnetic fluxes that add to 
"create magnetic loops 5 in the polepiece 21, the airgap 
El, the rotor- part 1, the airgap E2 t the polepiece 22, 
the magnetic core 250, the polepiece 23 and the magnetic 
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core 240. On the other hand, the fluxes -induced by the 
windings 24 and 25 and flowing through the polepiece 23 
and the airgap B3 cancel out if these fluxes are ecjual. 
i.e. in practise, if the rotor is correctly centered on 
the axis X-X at the time in question , if the currents 
flowing through the windings have the same absolute 
value. 

Thus with the induced flux directions as shown in 
figure 5, the induced fluxes oppose the flux of the 
magnet 26 in the airgap El and are added to the flux of 
the magnet 27 in the airgap E2 . 

The induced fluxes therefore generate a force that 
tends to reduce the airgap K2 and consequently to move 
the rotor part 1 downwards in figure 5_ It is thus 
possible to center the magnetic bearing actively on the 
longitudinal axis 2-Z. 

The centering circuits on the axis 2-5S and on the 
axes X~X and Y-Y are magnetically decoupled. 

Xn a simplified embodiment of the invention, not 
shown, the magnetic bearing includes the longitudinal 
centering axis and only one transverse centering axis. 
The bearing then has windings 24, 25 on only one 
transverse axi« ; symmetrically facing each other with 
respect to the axis Z-z. 

In other variants, the bearing has more than two 
transverse centering axes, for example three or four such 
axes, enabling more precise transverse centering. Each 
of the transverse centering axes is associated with 
windings 24, 25- 

Ref erring to figure $ t a second embodiment of a 
magnetic bearing in accordance with the invention differs 
from the previous embodiment in that the rotor part is 
outside the stator part. The same reference numbers with 
the suffix "a" are assigned to the components o£ the 
magnetic bearing that are similar to the components of 
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the first bearing described with referaace to figures 
1 to 5. 

The second embodiiueat of magnetic bearing of the 
invention includes a rotor part la in the form of a 
hollow cylinder having a longitudinal rotation axis Z-Z. 
Three flange* 11a, 12a and 13a axe formed on the inside 
face of the rotor part la. 

In the direction of tine axis %-Z. the rotor part 
la r fastened to a body Aa, lies between two polepieces 
21a and 22a of the stator part 2a* fastened to a body Ba, 
forming two airgaps Ela and E2a. The polepieces 21a and 
22a are parallel identical ferromagnetic plates disposed 
transversely to the axis Z-Z which have four branches, 
here interconnected along their radially outside edge . 
The outside diameter of the plates 21a and 22a is equal 
to that of the rotor part la. 

The stator part 2a also has a median polepiece 23a 
centered on the axis Z-Z, halfway between the polepieces 
21a and 22a. <Phe shape of the polepiece 23a corresponds 
to that of the polepieces 21a and 22a and includes four 
branches interconnected along their radially outermost 
edge- Windings 24a and 25a around magnetic cores 240a 
and 250a are inserted between the polepieces 21a, 22a 
and 23a, 

Two permanent magnets 26a and 27a are disposed on 
respective opposite sides of the median polepiece 23a in 
the direction of the axis z~z. The magnets 26a and 27a 
have opposite longitudinal magnetizations,, for example 
convergent magnetisations. The magnets 26a and 27a are 
cylindrical and centered on the axis z-z. 

The median polepiece 23a and the flange 12a of the 
rotor part la define an airgap E3a. 

The operation of this magnetic bearing is analogous 
to that previously described. 

Referring to figure 7 , a third embodiment of a 
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magnetic tearing in accordance with the invention is a 
magnetic bearing for linear movement in the direction 
Y^Y. 

This bearicg includes a bar lb mobile on the axis 
Y-Y and a fixed part 2b- A transverse axis X-X and a 
reference axis z-Z perpendicular to each other and to the 
axis Y-Y constitute two centering axes of th\e mobile part 
relative to the fixed part, 

The bar lb is made from a ferromagnetic material 
and constitutes a polepiece having three flanges lib, 12b 
and 13b. 

The fixed part 2b includes two parts symmetrical 
with respect to a plane containing the axes y-y and 
JSach of these parts includes identical ferromagnetic 
plates 21b and 22b forming main polepieces perpendicular 
to the axis Z-Z . The polepieces 21b are aligned in a 
direction parallel to the axis Y-Y and include cut-outs 
211b perpendicular to the axis Y-Y which divide each 
polepiece 2 lb into portions aligned on the axis Y-Y and 
joined in pairs toy bridges 212b- The bridges 212b limit 
eddy currents in the event of high speed movement in 
translation of the mobile part. As an alternative to 
this, the polepiece portions can be cojwpletely separated. 
Similarly, ths polepieces 22b are aligned in a 

direction parallel to the axis Y-Y and have cut-outs 221b 

perpendicular to the axis Y-Y which separate each 

polepiece 22b into portions aligned on the axis Y-Y. 

The cut-outs 221b are analogous to those of the 

polepieces 21b. 

A median polepiece 23b in the form of a 

ferromagnetic bar is disposed halfway between the plates 

21b and 22b. 

Identical windings 24b and 25b around respective 
magnetic cores 240b and 250b are disposed between the 
polepieces 21b and 22b and the median polepiece 23b- 
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Permanent bar magnets 26b and 27b are disposed 
between the polepieces 21b and 22b and the median 
polepiece 23b. The magnets 26b and 27b axe magnetized 
parallel to the reference axis Z-Z and in opposite 
directions, for example diverging. 

The magnetic bearing includes three air gaps 
Elb, E2b and E3b, 

The operation of the above magnetic bearing As 
similar to that of the first embodiment and provides 
active centering on the X-x and Z-Z axes. 

Of course, the present invention is in no way 
limited to the embodiments described and shown, but to 
the contrary encompasses all variants that may suggest 
themselves to the skilled person - 

in particular, the statot ana: rotor parts can be 
interchanged . 
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4. Brief Description of Drawings 

Figure 1 shows a first embodiment of a magnetic 
bearing in accordance with the invention in schematic 
longitudinal section in a plane containing a\ refer ence 
axis Z-Z* 

Figure 2 i$ a plan view of the first embodiment of 
a magnetic bearing in accordance with the invention. 

Figured 3A and 3B axe views of the first embodiment 
of a magnetic bearing in accordance with the invention in 
cross-section taken along th« lines lll-lix and III' -III # 
in figure 1. respectively. 

Figure 4 i*s a view analogous to figure 1 showing 
lines of magnetic flux induced in the hearing by the 
windings . 

Figure 5 is another view analogous to figure 1 
showing other lines of magnetic flux induced in the 
bearing by the windings. 

Figure 6 shows a second embodiment of a magnetic 
bearing in accordance with the invention in diagrammatic 
longitudinal section in a plane containing a reference 
axis 2-2. 

Figure 7 shows a third embodiment of a magnetic 
bearing in accordance with the invention in schematic 
longitudinal section in a plane containing a reference 
axis Z-Z. 
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(Explanation of Symbols] 

1 — roter part 

2 — stator part 

3 , 4 —magnetic flux 
5 —magnetic loop 

IK 12, 13 —flange 

2 1, 2 2, 2 3 — polepiece 

2 4. 2 5 —winding 

2 6, 2 7 —magnet 
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Fig.7 

1. Abstract 

For active centering of a f err omagne tic mobile part 
relative to a fixed part, a magnetic bearing includes 
main polepieces and a median ferromagnetic part 
perpendicular to a reference axis. Main airgaps have a 
thickness varying parallel to the reference axis and a 
median airgap has a thickness varying parallel to a 
transverse axis between the fixed and mobile parts - 
There are two magnets magnetized in opposite directions 
and independent windings between the main polepieces and 
the median ferromagnetic part- Th& windings generate in 
the median ferromagnetic part a controllable magnetic 
flux crossing the median airgap to assure transverse 
centering and a controllable magnetic flnx crossing the 
main airgaps to assure centering parallel to said 
reference axis . 

2. Representative Drawing 



Fig. 1 



